Structural deformation of the preterm trachea during acute distention and collapse.
The compliant airways of the premature neonate undergo episodic distention and collapse in response to changes in transmural pressure such as occur during spontaneous breathing, mechanical ventilation, and various therapeutic maneuvers. To identify and quantitate the effects of distending and collapsing transmural pressures on the structure of immature airways, tracheal segments from fetal rabbits, fixed at 0, +30, and -30 cm H2O transmural pressure, were examined using histologic and morphometric techniques. In comparison to control sections fixed at 0 cm H2O transmural pressure, application of distending pressures led to evagination of the posterior tracheal wall and significantly increased (P less than 0.05) cross-sectional area, antero-posterior diameter, circumference and muscle length, and decreased muscle thickness. Collapsed tracheal segments (-30 cm H2O) demonstrated invagination of the posterior wall and significantly (P less than 0.05) lower cross-sectional area, and antero-posterior diameter compared to the control segments; all the other parameters remained relatively unchanged. These data demonstrate extreme changes in tracheal geometry in response to the acute application of transmural pressure. From a methodological perspective, these observations suggest that fixation pressures may present significant artifact in histological analyses. Functionally, the noted deformation may lead to alterations in anatomic dead space and airway resistance, and mechanical function of the airways; all of which may compromise respiratory status in ventilated premature infant.